The Wegener-Bergeron-Findeisen process refers to the rapid growth of ice crystals at the expense of surrounding cloud droplets, which frequently occurs in atmospheric mixed-phase clouds. The process is a result of the difference in saturation vapor pressures with respect to liquid and ice, and may in some circumstances lead to abrupt and complete cloud glaciation at temperatures between −40°C and 0°C in the Earth's atmosphere. The process is named after three eminent scientists who were active in the first half of the 20 th century, among them being German meteorologist Walter Findeisen (1909Findeisen ( -1945. In his classical paper published in 1938, Findeisen described the contemporary understanding of the Wegener-Bergeron-Findeisen process and other key cloud microphysical processes. Here, we compare the understanding of aforementioned processes at the time with that of the present, and find that they are remarkably similar. We also discuss how the Wegener-Bergeron-Findeisen process is implemented in state-of-the-art numerical models of the atmosphere, and highlight its importance for both weather and climate.
Introduction
Geophysics, Yale University, New Haven, CT06511, USA, e-mail: trude.storelvmo@yale.edu became immersed in his duties in Bergen in the years 31 following his discovery in Voksenkollen, so much to the 32 extent that he did not further pursue his ideas on the mat-33 ter until 1928, when the topic became one of the chapters 34 in his PhD thesis (Bergeron, 1928) .
35
It wasn't until 1938 that Walter Findeisen entered 36 the scene, contributing to the previous work of We-37 gener and Bergeron by providing additional theoret-38 ical calculations, as well as cloud chamber experiments 39 to further develop their theories. Findeisen's PhD the-40 sis (1931) focused on cloud droplet size distributions, 41 and included cloud chamber experiments, a novel ap-42 proach at the time. Findeisen's cloud chamber was ap-43 proximately 2 m 3 in volume, and was connected to a 44 vacuum pump, allowing the process of adiabatic expan-45 sion and atmospheric cloud formation to be mimicked 46 in the chamber. After World War II, Findeisen's cloud 47 chamber was recovered from the ruins of Prague, where 48 Findeisen had his last appointment as director of the 49 Prague branch of the German Meteorological Office. 50 Fig. 1 shows the rebuilt cloud chamber, as it appeared 51 in Podzimek (1957).
52
Findeisen frequently cites the work of Wegener 53 and Bergeron in his seminal paper from 1938 (Find-54 eisen, 1938, hereafter F38), whose work allowed him 55 to present a coherent and comprehensive overview of 56 the most recent understanding of atmospheric cloud and 57 precipitation formation at the time. As such, the paper 58 goes beyond the WBF process that Findeisen later be-59 came known for, and can in many ways be considered 60 the first complete description of cloud microphysics as 61 we understand it today. 1: Walter Findeisen's cloud chamber, as it appeared in the publication that reported the first successful measurements with the chamber after it was recovered and rebuilt after World War II (Podzimek, 1957 ice crystals (e > e l > e i ) or (iii) simultaneous evapo-119 ration/sublimation of cloud droplets (e < e i < e l ). Cloud 120 dynamics in the form of small-scale updrafts and down-121 drafts exert an important control over which case plays 122 out for a given mixture of droplets and crystals. Find-123 eisen understood this, and described case (ii) in Sec-124 tion 4 of his 1938 paper: sufficient updrafts and hence 125 adiabatic cooling can result in the counter-intuitive pro-126 cess of droplet formation and growth in a glaciated 127 cloud. The reason why sufficiently high supersaturations 128 for droplet formation can occur in ice clouds was also 129 addressed in F38: the nuclei on which ice crystals form 130 in the atmosphere are very rare relative to the nuclei that 131 cloud droplets nucleate on. Hence, even though ice crys-132 tals are present in a cloud, they may not be present in 133 high enough number concentrations for their growth to 134 deplete supersaturation faster than the rate at which high 135 supersaturation is produced via adiabatic cooling. observations were naturally sporadic and few, they sup- Smith (1990) . The PDF was centered at the grid box 274 mean total-water mixing ratio. Instead of considering 275 differences in vapor pressure, e, between the two phases 276 Fig. 4) . At high CDNCs, saturation can still 311 be maintained in strong downdrafts by evaporating the 312 many cloud droplets present. The parameterization ac-313 counts for this by allowing w c,d to become increasingly 314 negative, thereby causing the fraction of the cloud in 315 which ice crystals can grow at the expense of cloud 316 droplets to increase. At high ICNC, ice crystal growth 317 on the many ice crystals present rapidly depletes water 318 vapor and brings the vapor pressure below that of sat-319 uration with respect to liquid water. In this case, very 320 strong updrafts are required for simultaneous growth of 321 droplets and ice crystals (i.e. w c,u is large). As a result, 322 the fraction of the cloud dominated by the WBF process 323 increases with increasing ICNCs.
324
Independently of how the WBF process is treated 325 in GCMs and/or NWP, the extent to which ice crystals 326 p r o o f 
